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Objectives: The purpose of this study was to review clinical characteristics and working environments of sudden cardiac death 
(SCD) cases associated with a tire manufacturer in Korea, and review possible occupational risk factors for cardiovascular disease 
including nanoparticles (ultrafine particles, UFPs). 
Methods: We reviewed (i) the clinical course of SCD cases and (ii) occupational and non-occupational risk factors including 
chemicals, the physical work environment, and job characteristics. 
Results: Possible occupational factors were chemicals, UFPs of rubber fume, a hot environment, shift work, overworking, and 
noise exposure. The mean diameter of rubber fume (63-73 nm) was (larger than diesel exhaust [12 nm] and outdoor dust [50 
nm]). The concentration of carbon disulfide, carbon monoxide and styrene were lower than the limit of detection. Five SCD cases 
were exposed to shift work and overworking. Most of the cases had several non-occupational factors such as hypertension, over-
weight and smoking. 
Conclusion: The diameter of rubber fume was larger than outdoor and the diesel exhaust, the most well known particulate hav-
ing a causal relationship with cardiovascular disease. The possibility of a causal relation between UFPs of rubber fume and SCD 
was not supported in this study. However, it is necessary to continue studying the relationship between large sized UFPs and SCD.
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Introduction
From May 2006 to September 2007, 7 cases of sudden cardiac 
death (SCD) were reported from a tire manufacturing factory in 
Korea [1]. Five of them were found to have ischemic heart dis-
ease (IHD; I20-I25 of the International Statistical Classification 
of Diseases and Related Health Problems [ICD] 10th Revision) 
at autopsy. The other two, who could not undergo autopsy, 
were suspected to have had cardiac arrest due to unknown 
causes. Several non-governmental organizations suspected 
that various chemicals or nanoparticles might be the cause of 
the outbreak. The Occupational Safety and Health Research 
Institute of the Korea Occupational Safety and Health Agency 
conducted an epidemiologic investigation from October 2007 
to February 2008, to find possible causal risk factors.
Although many adverse health effects including carcino-
genic [2], respiratory [3], dermatologic [4,5], reproductive [6], 
and musculoskeletal [7,8] effects or injuries have been reported 
to be related with rubber tire manufacturing, only a few studies 
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have dealt with cardiovascular diseases (CVD) and tire manu-
facturing [9-12]. Since most cases of sudden cardiac arrest are 
supposed to have underlying IHD, including coronary heart 
disease (CHD) [13], the occupational and non-occupational 
risk factors for CHD and the triggering factors of  SCD were 
reviewed. 
Several chemicals-carbon disulfide [9], nitrites [14], 
methylene chloride [15], carbon monoxide [16]), physical fac-
tors (noise [17]), and working conditions (job stress [18], long 
working hours, and shift work [19,20]- are on the list of  well 
known occupational risks related to CHD. High [21] or low 
[22] temperature, and chlorofluorocarbons [23,24] are also re-
ported as factors that trigger SCD from CHD. A nanoparticle is 
defined as a particulate having an aerodynamic diameter ≤ 0.1 
μm, which is also called an ultrafine particle (UFP). Epidemio-
logical studies in the past have provided strong evidence that 
elevated levels of ambient fine particulates (aerodynamic diam-
eter ≤ 2.5 μm [particulate matter, PM 2.5]) or UFPs are associ-
ated with increased cardiovascular morbidity or mortality with 
exacerbations of ischemic and/or arrhythmic cardiac diseases 
[25,26]. Available clinical and experimental evidence supports 
several mechanisms mediating the cardiovascular effects of 
particles, such as inflammatory responses [27], dysfunction of 
the autonomic nervous system [27], and cardiac malfunction 
[28]. However, the relationship between PM and cardiac dis-
ease is not fully understood [29]. Because the characteristics of 
rubber fume, the major portion of the particulates in rubber tire 
manufacturing, had never been reported, we had no informa-
tion regarding the correspondence of rubber fume to UFP.
Therefore, the purpose of  this study was to describe the 
detailed clinical course and working environment of the SCD 
cases from a tire manufacturer in Korea, and review possible 
relationships between chemical and physical factors including 
PM or UFPs and SCDs. 
Materials and Methods
The clinical course, working environment, and specific duties 
of  the seven SCD cases were reviewed. In December 2007, 
several chemical (carbon disulfide, styrene, rubber fume, and 
Table 1. Clinical course of the seven sudden cardiac death (SCD) cases
Plant
Case 
No.
Age at 
arrest
Date of death, time (season)
Autopsy 
(ICD10 code)
Location of death
Behavior of the cases during 24 
hours before death
A 1 44 September 07, 05:00 (autumn) SDC (I46.1)* Found by coworkers as 
fallen on bathroom of his 
home
Working for morning shift and rest or 
sleeping at home
A 2 35 April 07, 12:50 (spring) DCMP (I42) Found convulsive state dur-
ing sleeping by his family 
at home
Working for night shift, having break-
fast with alcohol drinking, and sleep-
ing
A 3 51 May 06, 12:00 (spring) SDC (I46.1)* Fainting during resting at 
home
Working for afternoon shift, visiting 
parent’s house in the next morn-
ing to help the transplanting of rice 
plants in the field, and took a nap
B 4 49 July 06, 08:00 (summer) IHD (I25) Found as unconscious at 
dressing room of the 
company
Working for night shift from last 22:00 
to 06:00 and moved to day shift and 
started his duty from 8:00 to 14:00 
at the same day, resting until next 
morning and went to work 
B 5 41 November 06, 18:00 (winter) IHD (I20~25) Fainting at a restaurant 
before having dinner with 
friend
Working for morning shift, watching 
soccer game with drinking, and go 
to restaurant for dinner 
C 6 27 December 06, 05:00 (winter) AMI (I21) Found by coworkers at 
dormitory apartment
Working until 18:00 and had depart-
ment dinner for 2 hours and sleep-
ing at dormitory apartment
C 7 29 May 07, 05:00 (spring) AMI (I21) Found by coworkers at 
dormitory apartment
Because of weekend off, resting and 
sleeping
ICD10: International Classification of Disease 10th Revision, NA: not available, DCMP: dilated cardiomyopathy, IHD: ischemic heart disease, AMI: 
acute myocardial infarction. 
*Clinical diagnosis due to lack of autopsy result.
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carbon monoxide) and physical (noise and high temperature) 
risk or triggering factors of ICD or SCD, were assessed. In ad-
dition, several chemicals with an unclear relationship to CVD 
were analyzed. They were cyclopentane, hexane, n-hexane, 
cyclohexane, heptanes, methylcyclohexane, formaldelyde, 
sulfur dioxide, and methylisobutylketone. The detailed results 
of  these environmental measurements were described in the 
final report of the epidemiological investigation [1]. In October 
2008, we conducted an assessment of the rubber fume PM at 
the nano-scale, at the curing and calendering process [30]. PM 
was measured around a diesel-powered forklift to evaluate die-
sel exhaust, one of the most well-studied UFPs, and outdoors, 
to evaluate background levels of  UFPs. The mean diameter 
and surface of the rubber particles were measured by a Scan-
ning Mobility Particle Sizer Spectrometer (GRIMM #5.403; 
GRIMM Inc., Douglas Ville, GA, USA) and Aerosol Spec-
trometer (GRIMM #1.108; GRIMM Inc.). 
Working conditions including shift work, working hours 
and job stress were reviewed. Assessment of job stress, which 
was conducted in September 2007 by a local university, was 
evaluated in 445 workers in the departments where SCD cases 
were found, compared with 892 workers in other departments 
with no SCD cases. The assessment tool was the Korean Oc-
cupational Stress Scale which had been developed for Korean 
workers. It had eight subscales that included the physical en-
vironment, job demand, insufficient job control, interpersonal 
conflict, job insecurity, organizational system, lack of reward, 
and occupational climate [31].
Results
Overview of cases
All the SCD cases were male workers aged between 27 and 
51 years when cardiac arrest happened (Table 1). The detailed 
diagnosis with ICD code for 5 cases, confirmed by autopsy, 
included one case of chronic IHD (I25), one case of IHD (I20-
I25), two cases of  acute myocardial infarction (I21), and one 
case of  dilated cardiomyopathy (I42.0). Two cases for which 
autopsies could not be done were diagnosed as clinically sus-
pected sudden cardiac death (I46.1). The deaths were distribut-
ed among the 4 seasons: spring (April and May), summer (July), 
autumn (September) and winter (November and December). 
Five cases (cases 1, 2, 3, 6 and 7) died at home or in a dormi-
tory apartment after shift work or day work. Case 1 died while 
resting after morning shift work. Case 2 was found in a convul-
sive state at home during sleep after a night shift. Case 3 did a 
transplanting job for his parent’s farming after a morning shift. 
Case 4 died in a dressing room of the company, while prepar-
ing his day shift which was to continue from the previous night 
shift. Case 5 died while waiting for dinner at a restaurant after 
the morning shift.
Work process 
The tire manufacturing factory operated 2 manufacturing plants 
and one research institute, and employed 5,169 workers in 
2007. Three cases were from manufacturing plant A, two cases 
from manufacturing plant B, and two cases from the research 
Table 2. Chemical and physical agents of the sudden cardiac death (SCD) cases, December 2007
Case 
No.
Plant Procedure Job CS2 (ppm)
Styrene 
(ppm )
Rubber fume  
(mg/m3)
mean (interval)
Particulate matter
particle number*
(mean diameter†)
Noise (dBA)
mean  
(interval)
Temperature 
(WBGT oC)
1 A Curing Production manage-
ment: change of the 
bladder and mold
Trace-ND ND 0.201 (0.086-0.334)
3.74 × 104 ± 1.55
(63)
83.2  
(80.7-84.7) 
18.9
3 A Curing Production manage-
ment: change of the 
bladder and mold
Trace-ND ND 0.201 (0.086-0.334) 83.2  
(80.7-84.7)
18.9
2 A Calendering Setting of the mold NA ND 0.034 (0.031-0.037)
2.00 × 104  1.15
(75)
82.1 
(75.5-86.3)
19.1
5 B Calendering Setting of the mold NA ND 0.275 (0.273-0.277) 82.9 
(80.5-86.2)
19.1
4 B All procedure Facilities  maintenance: 
troubleshooting of 
the facility
Trace-ND ND - - 84.6 
(80.5-89.3)
28.1
CS2: carbon disulfide, ND: non-detected, NA: not available, WBGT: wet-bulb globe temperature, ppm: particle per million. 
*Geometric mean (particles cm-3)  standard deviation, †geometric mean diameter in nanometer.
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institute, plant C (Table 1). The process of tire manufacturing 
in the factory included compounding, banbury mixing, extrud-
ing, calendaring, bead building, tire building, and curing and 
finishing. In addition, there were two supporting departments: 
production management and facility maintenance. Production 
management managed the mold and bladder in the curing pro-
cess. Facility maintenance addressed all problems with the ma-
chines, equipment, and other facilities of the factory. The SCD 
cases had been working in production management (cases 1 
and 3), calendaring (cases 2 and 5), facility maintenance (case 4) 
and the research institute (cases 6 and 7). The detailed process 
of tire manufacturing in the factory is described in the investi-
gation report [1]. 
Chemical and physical risk factors of the cases
Carbon disulfide and styrene were under the limit of quantita-
tion. The concentration of carbon monoxide was under 1 ppm 
(Table 2). The highest concentrations of  the other chemicals 
were 0.187 ppm for cyclopentane, 0.149 ppm for hexane, 0.010 
ppm for n-hexane, 0.040 ppm for cyclohexane, 1.994 ppm for 
heptanes, 15.285 ppm for methylcyclohexane, 0.029 ppm for 
formaldehyde, and 0.083 ppm for sulfur dioxide. 1,3 butadiene 
was not detected. 
The concentration of rubber fume in the SCD cases’ de-
partment was 0.034-0.275 mg/m3. The total PM assessed in 
October 2008 was 3.74 × 104 (± 1.55)/cm3 in curing and 2.00 
× 104 (± 1.15)/cm3 in calendering (Table 2). It was 1.29 × 104 
(± 1.51)/cm3 in the outdoors, and 5.05 × 105 cm3 around the 
diesel-powered forklift. The mean diameter of the rubber fume 
was 63 nm in curing and 72 nm in calendering (Table 2). The 
mean diameter of particulates was 12 nm in the diesel-powered 
forklift and 50 nm outdoors. Main PM sizes of the rubber fume 
in curing were distributed around 100 nm. PM sizes of diesel 
exhaust were distributed around 5 nm [30]. 
Forty-seven percent of  workers were exposed to noise 
exceeding 85 dBA. The mean noise level of the SCD cases’ de-
partment was 82-83 dBA. Mean heat exposure of the SCD cases 
department was 18-28 Wet-bulb globe temperature (WBGT) oC.
Non-Occupational factors and medical conditions of 
the cases 
All cases were smokers or ex-smoker (Table 3). Except for 
cases 2 and 6, the others were drinkers. Case 6 was overweight, 
defined as body mass index (BMI) > 23. Cases 1, 2, 3 and 4 
were obese, defined as 25 ≤ BMI. Three cases (1, 3 and 5) had 
hypertension (140 mmHg ≤ systolic pressure and 90 mmHg ≤ 
diastolic pressures); the other three cases (2, 4 and 6) had pre-
hypertension (120 mmHg ≤ systolic pressure < 140 mmHg 
and 80 mmHg ≤ diastolic pressures < 90 mmHg). Case 2 had 
hypercholesterolemia with 252 mg/dL (reference ≤ 200 mg/
dL). None of  the cases showed high low-density lipoprotein 
(LDL) cholesterol (160 mg/dL ≤ LDL). High-density lipopro-
tein values for all cases were higher than the reference value, 40 
mg/dL. Case 3 had high fasting blood sugar. Case 1 had an ab-
normal electrocardiography finding. None of the cases showed 
cardiac hypertrophy or proteinuria.
Shift work and job stress
Except for the cases from the research institute (cases 6 and 7), 
all cases had worked in shift work schedules including night 
shift for over 10 years in the factory (Table 4). The time table 
of cases 1, 2, 3, and 5 was three-shift of a four team schedule. 
Case 4 was on a two-shift schedule. The working time of the re-
search institute was non-shifting (cases 6 and 7), from 09:00-to 
Table 3. Chronic underlying medical conditions of the sudden cardiac death cases
Case No.
Smoking
(pack/day)
Drinking BMI
Blood pressure 
(mmHg)
Total cholesterol 
(mg/dL)
LDL/HDL
(mg/dL)
Fasting blood 
sugar (mg/dL)
Electrocardio 
graphy
1 1-2 Yes 28.7   150/100 204 106.4/67   87 AF
2 0.5 No 26.4 135/85 252   145/55   98 NA
3 0.5-1 Yes 34.6 150/90 183     90.3/54.1 226 Normal
4 * Yes 27.1 130/80 160 46.4/71   97 Normal
5 0.5-1 Yes 20.9   150/110 181 NA   91 Normal
6 Ex-smoker No 24.7 120/70 195 113.1/58.7   77 NA
7 0.5-1 Yes 23.5 110/70 208 133/49   77 NA
BMI: body mass index (body weight in kg/ height in meter2), LDL: low-density lipoprotein, HDL: high-density lipoprotein, AF: atrial fibrillation, 
NA: not available. 
*Smoker but the amount is not available .
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18:00, with irregular variations. Average mean working hours 
per month during the previous one year was longest for case 4 
(230 hours), while other cases had worked 160-204 hours per 
month. Working hours of  the previous one week was more 
than 50 hours for case 2 (61.5 hours) and case 4 (57 hours). 
Case 4 had been working 16 hours continuously the day be-
fore he died; he had continued from a previous night shift to 
a morning shift on the same day. The complaints about their 
working conditions recorded by their family or co-workers was 
a hot environment (case 1), the burden of responsibility (case 4), 
and overtime work (cases 5, 6, and 7). 
The results of job stress assessment showed that scores for 
physical environment, interpersonal conflict and the organiza-
tional system were higher in the departments where the SCD 
cases were found compared to control workers in manufactur-
ing plant A. However, in manufacturing plant B, there was no 
significant difference. In the research institute (plant C), the 
score of insufficient job control was significantly higher than in 
control workers.
Discussion
Rubber fume has never been reported as a risk factor of CVD 
in the past, and has never been studied with regard to the size 
of  the particles. Nanoparticles can be divided engineered or 
manufactured materials and non-intended materials. In the list 
of representative manufactured nanomaterials selected by the 
Working Party On Manufactured Nanomaterials of  the Or-
ganization for Economic Cooperation and Development [32], 
rubber fume was not included. Major studies on non-intend 
materials were welding fume and combustion products of die-
sel exhaust. Therefore, the possibility of the existence of UFPs 
in rubber fume was unclear from previous studies. In our study, 
the mean diameter of rubber fume particles was 63 nm in cur-
ing and 72 nm in calendering (Table 2). There are no guidelines 
that define UFPs using the mean particle diameters, in case of 
non-intended, non-engineering materials, which are composed 
of various heterogeneous materials. However, the diameter of 
rubber fume in curing in our study was not larger than outdoor 
particles (50 nm). This result suggested that the particulate from 
rubber fume might be not significantly different from outdoor 
ambient particles.   
Most epidemiological studies on cardiovascular effects 
were on the nanoscale fraction of environmental dusts rather 
than occupational exposure, although the mechanism is not 
fully understood [29]. In most of those studies, the effects are 
attributed to non-intended material combustion products [26], 
especially diesel exhaust [33]. In our study, the mean diameter 
Table 4. Working hours and job stress of the seven the sudden cardiac death cases
Plant
Case 
No.
Date of 
hire
Working 
duration
Shift schedule at death
Working hours Days of 
working 
holidays‡
Self description by their family 
or co-workers regarding the 
working environmentOne month* One week†
A 1 July ‘94 13 years Morning shift (06:00-14:00) 185 48 16 Too hot (around 40oC), and dusty. 
Exhaustion especially in summer
A 2 January 
‘95
12 years Night shift (22:00-06:00) 199 61.5 22 Annoying by dealing the problem-
atic machine
A 3 January 
‘80
26 years Afternoon shift (14:00-22:00) 160 40 8 -
B 4 October 
‘92
14 years First day of morning shift 
right after night shift
230 57 91 Burden of responsibility for main-
tenance of the machine which 
is the first step of the entire tire 
making process
B 5 July ‘95 11 years Morning shift 189 40 33 Fatigue due to frequent overtime 
work
C 6 January 
‘06
1 years No shifting work 204 - 22 Stressful situation due to overtime 
work, and long working time 
until late night
C 7 January 
‘06
1 years & 
5 months
No shifting work 204 - 18 Stressful situation due to overtime 
work, and long working time 
until late night
*Average working hours per month of previous 1 year, †working hours of the previous week before death, ‡working holidays during previous 1 
year.
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of  diesel exhaust was 12 nm, which was smaller than rub-
ber fume particles. Considering this result, rubber fume has 
different characteristics compare to diesel exhaust, the most 
frequently studied UFP. Therefore, the strong relationship re-
ported in previous epidemiological studies between particulate 
matter and CVD, cannot verify a causal relationship between 
rubber particulate and our SCD cases. 
All chemical factors related to CVD such as carbon diox-
ide, carbon monoxide, and styrene that were reviewed in this 
study were found to be under the limit of detection (LOD) or 
were at a very low level (Table 2). The workers in this factory 
were not exposed to other chemicals related to cardiovascular 
risk such as chlorofluorocarbon, methylene chloride and cobalt. 
Thus, the possibility of chemical induced SCD was deemed to 
be low. 
Among acute risk factors, high workplace temperatures 
and alcohol-containing drinks were found in our SCD cases 
(Table 5). No case had experienced unexpected outrage or 
surprise with or without work relatedness. No one had experi-
enced physiologic disruption due to continuous long working 
hours. The high temperatures were found in all cases of manu-
facturing plants A and B (cases 1-5). Although the temperature 
measured in 2007 was lower than 30 WBGT oC (Table 2), it 
could not be evaluated precisely because this survey was done 
in December. The workers in the production management 
department who change molds in curing were exposed to 28.1 
WBGT oC even when the outdoor atmosphere was 2.7 WBGT 
oC. The temperatures of curing and calendering were found to 
be more than 45 WBGT oC in summer [1], and the heat from 
these processes was spread to other processes. Therefore, except 
for cases 5 and 6, a high temperature could be a major acute 
triggering factor for SCD. Rogot and Padgett [21] reported an 
inverse, approximately linear pattern of  CHD mortality with 
temperature over the greater part of the temperature range with 
average Fahrenheit temperatures in the 60’s and 70’s (15.6-
26.6oC), and mortality rose sharply at higher temperatures. A 
Taiwan study also reported that the risk of coronary artery dis-
ease at 32oC was 22% higher than that at 26-29°C, especially in 
the elderly population [34]. Our SCD cases 1-5 could have been 
influenced by high temperature in the workplace, especially in 
the summer. However, only case 4 died in summer, whereas 
cases 2 and 3 died in the spring. Therefore, the causal relation-
Table 5. Risk factors for cardiovascular diseases for the seven cases
Occupational factors
Non-occupational factorsChemical & physical agents in 
the manufacturing process of 
the company
Characteristics of the job 
Acute Chlorofluorocarbon (X) Unexpected situations (outrage, surprise,  
excitement) related with work (X)
Unexpected situations (outrage, surprise, 
excitement) not related with work (X)
Methylene chloride (X) Physiologic disruption due to continuous  
long working hours (X)  
Abnormality of electrolyte metabolism (X)
High temperature (1,2,3,4,5)* Maladjustment to abrupt change of the job (X) Alcohol dinking (2,5)*
Cold (X) Drug (anti-arrhythmic drug, antidepressant) (X)
Acute or 
chronic
Organic nitrite (X) Shift work (1,2,3,4,5)* Hypertension (1,3,5)*
Lead (X) Long time work (2,4,5,6)* Pre-hypertension (2,4,6)*
Carbon monoxide (X) Job stress (4,5,6)* 
Lack of exercise (X) 
Chronic Arsenic (X) Old age (more than 55 years old) (3)*
Carbon disulfide (X) Smoking (1,2,3,4,5,7)*
Cobalt (X) High blood lipid (2)*
Fine particulate (1,2,3,4,5)* Obesity (1,2,4)*, over weight (3,6,7)*
Styrene aerosol ( X ) Family history (not available)
Noise (1,2,3,4,5)*
X: do not exist or were not reported in individual records. 
*Numbers in parentheses are case numbers.
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ship between a hot environment and SCD were not clear. 
Alcohol drinking was found in cases 2 and 5 (Table 5). 
Heavy drinkers (more than 6 drinks daily) are reported to have 
a significantly higher incidence rate of SCD than light drinkers 
(relative risk 2.00, 95% confidence interval 0.98 to 4.8) [35]. 
Case 2 had 1.5 drinks and case 5 had 6 drinks on the day of 
death. Therefore, alcohol consumption before death may have 
influenced the death of case 5.
Among risk factors which can influence health in an acute 
or chronic way, no chemical and physical factors were found in 
our SCD cases, but some occupational characteristics of the job 
and non-occupational medical conditions were found in some 
of these SCD cases (Table 5). Long hours of work are reported 
to increase the risk of CHD. More than 60 hours within a week 
or more than 11 hours per week over time work have been 
reported to increase acute myocardial infarction [36,37]. All 
the cases except 6 and 7 experienced shift work including night 
work. The mean working time per month during the previous 1 
year for cases 1-5 was 185-230 hours, which was more than 160 
hours (which is based on a working time of 8 hours per day, 5 
days per week). Also, for the one week previous to death, the 
working time of cases 1 and 4 was higher than 40 hours and 
for case 2 was higher than 60 hours. In addition, these workers 
might have had an undesirable shift schedule, such as a night 
shift followed by a morning shift. For example the shift sched-
ule of  cases 4 changed from a night shift to a morning shift 
the day before he died, so that he had worked continuously 
for 16 hours. Therefore, cases 1, 2, 3, 4, and 5 had experienced 
shift work and an undesirable schedule. Although published 
evidence is suggestive but not conclusive for a relationship 
between shift work and CHD [20], all the SCD cases of manu-
facturing plant A and B had been working as shift workers for 
more than 10 years. Therefore, these workers can be influenced 
by overtime and shift work.
Cases 1-5 were exposed to noise exceeding 85 dBA for 
more than 10 years. One meta-analysis showed a significant 
association of occupational noise exposure and hypertension, 
with a relative risk per 5 dB(A) noise increase of  1.14 (1.01-
1.29). However, the evidence for a relationship between noise 
exposure and IHD is still inconclusive because of  the limita-
tions in exposure characterization, adjustment for important 
confounders, and the occurrence of publication bias [17].
The blood cholesterol ratio, hypertension, cigarette smok-
ing, excess weight, elevated blood sugar levels, lack of exercise, 
stress, and electrocardiographic abnormalities are well known 
risk factors of CHD [1]. All cases had at least two factors re-
lated to CHD. Six cases had hypertension or pre-hypertension, 
and were smokers. All cases except 5 were obese or overweight, 
and one of  them had diabetes. One case had hyperlipidemia 
(Table 5). Thus, these risk factors must be part of the underly-
ing cause of the SCD.
The possible etiologic or triggering occupational factors 
related to CVD in some of  our 7 SCD cases were UFPs of 
rubber fume, hot environments, shift work in an undesirable 
schedule, and noise exposure. Among these factors, a dose-
response relationship was reported only for overworking and 
a hot environment. Particulate characteristics of rubber fume 
were not clear. It was much larger than diesel exhaust, the most 
well known particulate, which has been found to have a causal 
relationship with CVD. The National Institute of Occupational 
Safety and Health in the US concluded that no conclusive data 
exist for a relationship between engineered nanoparticles or 
non-intended industrial particles generated in workplaces and 
workers’ health. This appears to be due to a lack of  compre-
hensive studies [38,39]. 
Considering that most of the cases had 1-3 non-occupa-
tional factors such as alcohol consumption, smoking, hyperten-
sion, overweight, underlying chronic health status was impor-
tant to the SCD events, and it was influenced by shift work and 
high temperature. However, it will be necessary to continue 
studying the relationship between large sized UFPs and SCD.
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